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Article History: Abstract: High performance thin layer chromatography (HPTLC) and Ultra-High- 
Received: 20" Jan., 2023 Performance Liquid Chromatography (UHPLC) techniques were developed and 
Accepted: 17" Apr., 2023 validated to quantify Withanolide in extract and formulation. On Al-backed silica gel 
Published: 30" Apr., 2023 60 F254 TLC plates (10 cm x 10 cm, layer thickness 0.2 mm), which had been 


Keywords: prewashed with methanol, HPTLC separation was carried out. Dichloromethane: 
HPTLC, ICH Methanol: Toluene: Acetone in various ratios produced good separation in mobile 
guidelines, TLC phase (5:1:1:0.5 v/v). Camag TLC scanner densitometric scanning at 365 nm 


densitometric method, | determined and quantified. This approach produced compact Withanolide spots at Rf 
UHPLC, Withanolide 0.48. ICH guidelines verified HPTLC's precision, reproducibility, and accuracy. 
Withanolide linearity was 500-3000 ng/spot with R7= 0.9994. LOD & LOQ were 
found to be 9.48 & 28.73 ng respectively. For UHPLC, Cosmosil C18 was used with 
acetonitrile: water (0.2 % OPA) (70:30, v/v) mobile phase. Flow rate was 1.5 mL/min. 
Under optimal chromatographic conditions, Withanolide was retained for 5.9 min and 
detected at 254 nm. ICH guidelines verified UHPLC's precision, repeatability, and 
accuracy. Withanolide linearity was 10-60 pg/mL with R’= 0.9994. LOD along with 
LOQ were 0.411 and 1.245 ug. HPTLC and UHPLC procedures utilized for regular 
quality control and quick screening of active components from plant extracts. 


Introduction affordable, which contributes to the continued success of 


Now more than ever, scientists are interested in plant- traditional therapy systems (Anwar et al., 2016; Jana et 
based bioactives for the health benefits they deliver from al., 2018; Nazar et al., 2020). 
high-value secondary metabolites. Phytomedicines treat In the medical community, plants from the genus 
roughly eighty percent of the worldwide population, Withania in the family Solanaceae are held in high regard 
particularly in developing nations (Ashraf et al., 2016), for their significant therapeutic and nutritional value. W. 
given the current state of healthcare in the world. somnifera (Figure 1) was one of the plants in this genus 
Phytomedicines have few adverse effects but are that had a wide variety of therapeutic and 
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pharmacological purposes. The xerophytic plant Withania 
somnifera (Syn: winter cherry, ashwagandha, suranjan, 
Indian ginseng) thrives on rich soils over the African 
continent, the Mediterranean region (Kalra et al., 2017; 
Verma et al., 2011; Singh et al., 1998; Hepper, 1991; 
Saleem et al., 2020). Ayurvedic medical tradition viewed 
the plant's roots and leaves as _ phytotherapeutic 
substances that capacity to treat extensive range of 
conditions. The plant has shown promise in treating 
hepatotoxicity (Bhattacharya et al., 2000), neurological 
(Tomoharu et al., 2005), anxiety (Sairam et al., 2000), 
Parkinson's (Ahmad et al., 2005), and hyperlipidemia 
(Visavadiya et al., 2007) in clinical and preclinical 
research. The leaves were effective at warding off insects, 
and the fruits had high concentrations of saponins (Bala 
et al., 2004). 

Withania somnifera contains the scientifically active 
steroidal lactones Withanolides (Afewerky et al., 2021; 
Orabi et al., 2023), as shown by a phytochemical study. 
The group of alkaloids known as withanine was 
discovered in the plant's roots and accounts for 38 percent 
of the alkaloid weight (Hussain et al., 2023). Antitumor 
and cytotoxic activities (Sivasankarapillai et al., 2020) 
were found in the primary Withanolides isolated from W. 
somnifera: Withanolide D and withaferin A. Saponins, 
steroids, phenolics, phytophenols, flavonoids, and 
glycosides were also present in the plant (Polumackanycz 
et al., 2023; Alanazi et al., 2023; Indhira et al., 2023; 
Abdelwahed et al., 2023), in addition to the alkaloids. It 
is also utilised as a fever reducer, pain reliever, 
adaptogen, and anti-inflammatory in many herbal 
remedies (Kalra et al., 2017; Rao, 2023). 

Withania somnifera (withania) is a vital component in 
Ayurvedic medicine because it contains the bioactive 
constituents Withanolide and withaferin-A. According to 
reports, Withania somnifera contains the therapeutically 
active compounds withaferin-A and Withanolide. The 


anti-inflammatory, anticonvulsive, anticancer, and 
antioxidant properties of Withaferin-A have been 
demonstrated. Ayurvedic formulations have seen 


increased demand in latest years appropriate to their low 
cost, efficiency, and low risk profile. A standardization 
protocol for the safety, efficacy, and quality control of 
Ayurvedic medications is required due to their rising 
popularity and demand. Consumers can feel safer using 
Ayurvedic products because of the methodology for 
standardization that has been put in place. Due to the 
polyherbal formulations' complex nature and intrinsic 
unpredictability of their bioactive chemical ingredients, it 
is difficult to develop quality control measures. The 
standardization of herbal medication quality control 
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measures is crucial. Creating quality assurance tools that 
are dependable, targeted, and responsive is now crucial. 


Figure 1.(a) Cherry fruit and leaves (b) W. somnifera 
root 


OH 
Figure 2. Structure of Withanolide 


Materials and methods 
Reagents 

The entire chemicals were of HPLC grade (Finar Ltd., 
Mumbai) used without further purification. 
Plant Material 

Plant materials were procured from Konark Herbals 
& Health Care, Daman, India. 

Selection of Solvents 

The solubility of Withanolide in various solvents was 
tested, taking into account the drug's properties and the 
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solvents. To dissolve the medication, methanol was 
ultimately used. 


Method-I: HPTLC Method 
Instrumentation and Chromatographic Conditions for 
HPTLC Method 

Aluminium plate encrusted with 0.2 mm of silica gel 
60 F254 was utilized for chromatography. Sample is 
spread in 6mm _ bands through CamagLinomat 5 
applicator with 100 pl syringe (Hamilton, Switzerland). 
Space among 2 bands was 14 mm, and application rate 
was held constant at 150 nl sec’. 

The ratio of dichloromethane to methanol to toluene 
to acetone in the mobile phase was (5:1:1:0.5). Plate was 
developed linearly upwards in a twin-trough glass 
chamber at 25°C +2 and relative humidity 60% +5 for 15 
minutes. About 80 millimetres was the length of the 
chromatogram run. After being removed from the 
developer, plate dried quickly. For densitometric 
scanning, we utilized a Camag TLC scanner 3 operating 
at 365 nm. 

Preparation of standard stock solution for HPTLC 
Method 
Weigh exactly Img of Withanolide and dissolve in 
methanol makeup volume 10ml. (obtain concentration 
100 pg/ml) 
Linearity Study of Withanolide for HPTLC Method 

Withanolide at varying concentrations (500 ng/spot - 
3000 ng/spot) was spotted onto a TLC plate using 
microlitre syringe with a Linomat 5 sample applicator. 
Under these well-established chromatographic 
conditions, the plate was developed then scanned. The 
maximum peak area for each drug concentration was 
measured. 

Analysis of Extract for HPTLC Method 

Accurately measured 1 gramme of the Withania 
somnifera extract was poured into a volumetric flask of 
100 millilitre. The desired concentration was achieved by 
dilution with methanol. Then, | miullilitre of this was 
transferred to a different volumetric flask and filled to the 
mark with the same solvent, diluting it to a concentration 
of 100 micrograms per millilitre. Spotted was the solution 
(10uL, 1000 ng). Concentration calculated by Regression 
equation. 

Analysis of formulation for HPTLC Method 

To determine the concentration of withanolide present 
twenty Ashwagandha capsules (Patanjali Ashwagandha 
Capsule; Manufactured by Patanjali Ayurveda, India) 
were finely powdered and weighed. Ten milligrammes of 
Withanolide powder was measured. The powder was 
processed using methanol extraction to obtain the 
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Withanolide. After being 30 minutes sonication and 
having volume brought up to 100 mL, Withanolide was 
successfully extracted. A 0.45 um filter (Milli filter, 
Milford, MA) was used to purify the final solution. After 
applying the aforementioned solution (1OuL, 1000 ng 
each spot) to a TLC plate and scanned. Three consequent 
reading was taken and concentration determined by 
regression equation. 
UHPLC Method 
Instrumentation and Chromatographic Conditions for 
UHPLC Method 

Thermo scientific, vanquish UHPLC system with 
quaternary pump, UV Visible detection system and 
chromeleon 7.2 data processor was used. The Cosmosil 
Cis, (250 mm x 4.6 mm i.d., 5 um) was engaged in 
separation of Withanolide, which gives satisfactory 
resolution and run time. Mobile phase was optimized 
with a view to obtained Withanolide. Acetonitrile: Water 
(0.2% OPA) (70:30, v/v) was settled on as optimal 
mobile phase. Mobile phase flow rate was 1.5 mL/min, 
wavelength 254 nm & retention period of 5.9 minutes 
under ideal chromatographic conditions. The size of the 
sample used was 20 uL. 
Preparation of standard stock solutions for UHPLC 
Method 

By adding 7 milliliters of a solvent mixture to a 10- 
milliliter volumetric flask, a solution containing 10 
milligrams of withanolide was prepared. After sonicating 
the solution for 15 minutes, the flask was filled to the 
mark with the solvent mixture. The resultant solution 
contained 1000 g/mL of withanolide and was well mixed 
by swirling. 
Linearity studies for UHPLC Method 

Aliquots from the stock standard solution were taken, 
and they were diluted with the mobile phase to a total 
volume of 10 milliliters in a succession of volumetric 
flasks to achieve a final concentration between 10-60 
g/mL. The same injection volume was used for each 
sample.All concentrations were measured five times to 
construct a calibration curve, and the peak area was 
compared to the concentration of Withanolide. 
Analysis of Withania somnifera extract for UHPLC 
Method 

A 10 mg aliquot of Withania somnifera extract was 
precisely weighed and then was put into a 100 mL 
volumetric flask. After additional dilution, the volume 
was adjusted using mobile phase to provide a final extract 
concentration of 10.0 g/mL. The column was injected 
with a constant volume of 20 uL, and the resulting peak 
area was calculated. The linearity curve was used to 


Int. J. Exp. Res. Rev., Vol. 30: 375-387 (2023) 


compute the concentration. This process was repeated six 
times. 


Analysis of formulation for UHPLC Method 

20 capsules with a label claim of 500 mg were 
accurately weighed and powdered to ascertain the amount 
of withanolide present in  Patanjali Ayurveda's 
Ashwagandha Capsule formulation. The resultant powder 
was weighed out and added to a volumetric flask filled 
with about 100 mL of a solvent combination along with 
100 mg of the powder. A 0.45-micron membrane filter 
was used to purify the solution. The volume of the 
sample, which was filtered to yield 1 mL, was adjusted 
with diluent and thoroughly mixed before being placed in 
the volumetric flask. Six times the column was injected 
with the sample solutions. 


The linearity curve was employed to ascertain the 


concentrations. 
Method validation for HPTLC and UHPLC Method 
Accuracy, specificity, precision, linearity, 


repeatability, LOD, and LOQ were all verified during 
validation per ICH guidelines (ICH Guidelines, 1995). 
Accuracy 

There were three stages of recovery tested: 80%, 
100%, and 120%. Adding a standard drug solution of 
Withanolide in a known quantity to the previously 
analyzed sample solutions, and then putting them through 
the suggested HPTLC method and the UHPLC method, 
respectively and % recovery was calculated. 
Linearity and range 

Appropriate standard solutions were derived from the 
stock solutions. Concentration range over which 
Withanolide was found to be linear was determined 
separately for both HPTLC method & UHPLC method 
separately. The assay technique was applied to the 
solutions for analysis. Peak area versus standard solution 
concentration was used to generate the calibration 
curve. Intercept and slope were determined using the 
calibration curve. 
Precision 

Both intra-day & inter-day precision of HPTLC and 
UPLC were calculated. Standard solutions of 
Withanolide were analyzed 3 times within same day to 
identify within-day changes. % RSD was computed after 
analyzing a standard solution of Withanolide at varying 
concentrations for 3 consecutive days over course of a 
week. 
Repeatability 

Standard Withanolide was applied six times to 
evaluate sample application repeatability, and the % RSD 
was computed. 
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Sensitivity LOD and LOQ 

The suggested approach's LOD and LOQ for 
quantifying Withanolides were determined. These values 
were obtained by using the equations LOD = 3.3 x SD/S 
and LOQ = 10 x SD/S, where 'SD' represents the 
standard deviation of pharmaceutical peak areas (n = 3), 
which is regarded a measure of noise, and 'S' represents 
the slope of the related calibration curve. In this study, we 
established both the LOD and LOQ for Withanolide. 
Ruggedness 

Two analysts used exact same exploratory and 
environmental settings to study how tough proposed 
method was. This method was recurring in triplicates and 
the Percentage RSD was calculated for both HPTLC and 
UHPLC method separately. 
Robustness for HPTLC Method 

The study aimed to assess the robustness of the 
method by deliberately altering a few factors. For 
example, stock solution's durability was evaluated by 
altering the mobile phase's chemical make-up. The 
impacts of various variables on the results were studied. 1 
factor was altered at a time to determine effect, and 
% RSD was calculated separately for both the HPTLC 
and UHPLC methods. 


Results and Discussion 

The amount of Withanolide present was quantified 
using HPTLC and UHPLC. These methods can be used 
to check the quality of medicinal dosage forms on a 
regular basis. 
Analysis of Extract by HPTLC Method 

Percentage of drug within extract, mean and relative 
standard deviation was premeditated. Regression 


equation was used to figure out the concentration, and it 
was found that RSD was less than 2%. Table 1 show 
results (Koshy et al., 2016). 


Table 1. Analysis of extract by HPTLC 


Amount Amount Amount 
Drug Taken Found Found 
(ng/band) (ng) % 
1000 995.65 99.565 
1000 999.64 99.964 
1000 997.69 99.769 
Withania 1000 999.64 99.964 
somnifera 1000 998.87 99.887 
extract 1000 998.36 99.836 
Mean + SD 998.30 + 99.834 
1.504 0.1504 
%RSD 1.3731 0.1373 


Analysis of formulation by HPTLC method 
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They figured out the amount of drug in the 
formulation, as well as mean and relative standard 
deviation. Results of research indicated that amount of 
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Figure 3. HPTLC chromatogram of standard Withanolide and formulation 
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drug in formulation is close to what it says on the 
label. Proportional standard deviation was found to be 
less than 2% when regression equation was applied to 
calculate the concentration. Table 2 shows how things 


turned out. Figure 3 shows the HPTLC chromatogram of 
standard Withanolide and mixture (Koshy et al., 2016). 


Table 2. Analysis of Formulation by HPTLC 


Amount Amount 
Amount 
Taken Found 
Found % 
(ng/band) (ng) 
1000 998.6 99.86 
1000 999.4 99.94 
1000 1001.3 100.13 
Formulation: 
Patanjali 1000 995.9 99.59 
Ashwagandha 1000 994.8 99.48 
Capsule 1000 997.9 99.79 
M +SD 997.98 + 99.79 + 
Be 2,360 0.236 
%RSD 2.155162 0.215516 


Analysis of Withania somnifera extract for UHPLC 
Method 

Approximately ten milligrams of Withania somnifera 
extract were accurately measured, and the makeup 
volume by mobile phase was 100mL. It was reduced even 
more until there was 10.0 ug/mL of extract. The peak 
area was determined by injecting 20 wL of a known 
concentration into column. From linearity plot, the 
concentration was found. Six times, the same steps were 
done, and it was found that the relative standard variation 
was less than 2%. Table 3 shows the results (Ganzera et 
al., 2003). 


Table 3. UHPLC Analysis of Withanolide extract 


Amount Amount | Amount 

Taken Found Found 

(ug/mL) (pg/mL) (%) 

30 29.8 99.3333 

30 29.98 99.9333 

30 29.87 99.5667 

Withania 30 29.94 99.8000 
somniferaextract 30 29.98 99.9333 
30 29.99 99.9667 

Mean + 29.92 + 99.754 

SD 0.0763 0.2544 

% RSD 0.06968 0.23227 


Analysis of formulation for UHPLC Method 

Twenty pills with a label claim of 500 mg were 
carefully weighed and ground into a powder to find out 
how much Withanolide they contained. A 100 mg 
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amount of formulation powder was measured and 
makeup volume 100ml by solvent. The solution was 
separated using a 0.45-micron membrane filter paper. 
Following filtration, a 1 mL sample was transferred to a 
10 mL volumetric flask, which was then filled to volume 
with diluent and properly mixed. The sample solutions 
were loaded six times into the column, and the linearity 
graph was used to calculate the concentrations. It was 
found that the relative standard variation was less than 
2.0% (Table 4). A UHPLC chromatogram of standard 
Withanolide and formulation is shown in figures 4, 5 and 
6 (Ganzera et al., 2003). 


Table 4: Formulation analysis by UHPLC 


Amount 


% 
pou Amount % RSD 
mes 8) found 

[n = 6] 
Formulation 
Patanjali 
Ashwagandha 
cae 500 mg | 49942 | oo 98 | 0.382971 
Manenieniced capsule | 0.3829 
by Patanjali 
Ayurveda 
Method validation 


By ICH guideline method is validated. 
Linearity Study of Withanolide by HPTLC Method 
Between 500 and 3000 ng/spot, Withanolide was 
found to be continuous. Withanolide was found to have a 
correlation value of 0.9994. Table 5 showed the 
uniformity range of Withanolide. Figure 7 shows 


calibration graph. 
Table 5. Linearity study of Withanolide by HPTLC 
Method. 


Sr. Conc. of Peak 
No. Withanolide in area(means + 
(ng/spot) S.D., n = 3) 
1 500 698 +3 2.4499 
2 1000 1387.6642.51 | 2.0548 
3 1500 2025.33 44.50 | 3.6817 
4 2000 2646.33 + 7.09 | 5.7927 
5 2500 339543 2.4499 
6 3000 4004.33 + 2.30 | 1.8856 
*_ each value is the mean of three observations 


Linearity studies by UHPLC Method 

The concentration of Withanolide was discovered to 
be constant between 10 and 60 ug/mL. Generation of 
calibration curves were made by graphing peak area 
versus Withanolide concentration and testing each 
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Figure 4.RP-HPLC graph of Standard Withanolide Extract 
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Figure 5. RP-HPLC graph of Standard Withanolide 
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Figure 6. RP-HPLC graph of Formulation 


y = 1.3243x + 41.978 
R? = 0.9994 


2000 3000 
Conc in ng/spot 


Figure 7. Calibration Curve for Withanolide 
Y= 1.3243X + 41.978; Coefficient of correlation = 0.9994; Intercept = 41.978, Slope = 1.3243. The calibration 


curve shows that more entire range of concentrations used in assay method, a linear response was found. The 
range shows that the method works in a straight way. 
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concentration five times. Table 6 shows the data, and 
Figure 8 shows the calibration curves. 
Table 6. Linearity results of Withanolide (UHPLC) 


Peak area 
oa ae ake 
= 3] 
1 10.00 2.548 + 0.0623 00.0508 
2 20.00 5.361 + 0.0151 00.0123 
3 30.00 8.105 + 0.002 00.0017 
4 40.00 10.666 + 0.0276 0.0225 
5 50.00 13.273 0.0223 | 00.0182 
6 60.00 15.715 + 0.0671 00.0548 


y = 0.2632x + 0.0656 
R? = 0.9994 


Peak Area 


20 40 
Conc (ug/ml) 


Figure 8.Calibration Curve of Withanolide 


Y = 0.2632X + 0.0656; 
Slope = 0.2632; Intercept = 0.0656; Correlation = 0.9994 

As a result, linearity characterizes the UHPLC 
technique for Withanolide. 
Accuracy by HPTLC Method 

Experiments on recovery were done at three levels: 
80%, 100%, and 120%. Three different amounts of a 
normal drug solution of Withanolide were added to the 
sample solutions that had already been tested. The 
chromatogram was made, and then it was scanned. Table 
7 shows the data of % recovery. 
Accuracy by UHPLC Method 

It was accomplished using recovery 
employing conventional method of addition at intensities 
of 80%, 100%, and 120%. A previously determined 
quantity of standard Withanolide was added to a sample 


research 


DOI: https://doi.org/10.52756/ijerr.2023.v30.035 


that had already been tested (10.0 ug/mL of Withanolide) 
and then put through the suggested UHPLC method. 
Table 8 shows that the healing rate was between 98% and 
102%. 

Table 7. Recovery studies for Withanolide by HPTLC 
method 


Initial Added | Recovered 


Drug Amount amount | amount + e te 
nel [nel SD. Recovered R.S.D. 
2698.5 + 
2 1500 1200 0.8185 99.94 |0.6683 
S 
§ 1500 1500 een 99.89 | 3.5505 
hs 299.43 + 
= 1500 1800 se 99.98 |0.4109 


Table 8. Recovery data for Withanolide by UHPLC 
method 
Excess 


ae on Amount 
Beis poe recovered + Recovery %RSD 
Dru amount added to [%]  [n=3] 
r DD. = 
8 [ug/mL] analyte a 
4 10 80 17.9740.01 } 99.83 |0.0081 
a=} 
= 19.944 
€ 1 1 71 3 
E 0 00 0.0472 99.7 0.0385 
= 21.96 + 
84 .0124 
= 10 120 0.0152 99.8 0.0 


Precision (Intra- day & Inter- day precision) by 
HPTLC method 

Variations within and between days were used to 
figure out how accurate the method was. By analyzing 
1500, 2000, and 2500 /spot of standard solution of 
Withanolide 3 times on the same day, intra-day 


differences were found. Inter-day accuracy was measured 
by looking at 1500, 2000, and 2500 ng/spot of standard 
solution of Withanolide for three days in a row over a 
week. Table 9 and Table 10 show the findings. 

Table 9. Precision studies for Withanolide(Inter - day) 
by HPTLC method 


Inter-day 
Deu Conc. Peakarea % 
: [ng/spot] Meant 
S.D. 
1500 2027.99 2.0417 ies 99.94 
2 +2.5006 |" +0.3605| 
3 2651.03 1999.86 
= 2000 1.5965 99.99 
g +1.9553 +1.193 
5 5 3401.26 13475 2499.53 50:68 
a0 41.5275 | ° +0.2081 
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Table 10. Precision studies for Withanolide (Intra — 
day) by HPTLC Method 


Intraday 
Conc & 
Drug igs ot] Peak area %RSD Amount Amou 
P Mean+S.D. [n=3] found nt 
Found 
2020.73 1499.63 
1 1.2657 99.97 
= 00 +1.5502 697 | 40.1527 
S 2651.83 1999.4 
| 2000 1.7632 99.97 
s +2.1594 +0.4358 
= 3402.4 2498.87 
2500 0.6164 99.95 
+0.7549 +0.2516 


Precision by UHPLC Method 

Repeatability and middle precision studies were done 
to make sure that the method was accurate. To study 
intra-day precision, Withanolide was measured at 10, 20, 
and 30 pg/mL 3 times on same day. The accuracy 
between days was tested by analyzing same quantity on 3 
different days over a week. It was found that the RSD 
was less than 2%. Table 11 shows how things turned out. 


Table 11. Results of Precision study for Withanolide 
by UHPLC method 


Amount Found Amount Found 
Drag eConc pate —day : pe ee : 
fain) [ng/mL] [n = 3] [ug/mL] [n = 3] 
Mean %RSD Mean % RSD 
9.97 + 9.99 + 
1 0.0124 0.0124 
a s 0.01 0.0152 
| 
° 19.96 + 19.95 + 
= .0081 02 
& a0 0.01 ore 0.0251 aes 
= 29.93 + , 29.944 1 
30 0.04 0.0326 0.0230 0.0188 


Repeatability by HPTLC method 

Repeatability of sample application was tested by 
putting 15 wL containing 1500 ng/spot of standard 
Withanolide on a TLC plate 3 times, letting it develop, 


and scanning it. The results are shown in Table 12. The 
spot that was split was scanned six times without moving 
the plate. It was found that RSD was less than 2 


Table 12. Repeatability data of Withanolide by 
HPTLC Method 


Sr.no. Application volume [pL] Area of Withanolide 

1 15 2021.3 

2 15 2020.6 

3 15 2022.6 

4 15 2021.9 

5 15 2020.1 

6 15 2019.4 
Mean 2020.98 

S.D. 1.1822 

%R.S.D. 1.0792 
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Repeatability by UHPLC method 

Analyzing 10 ug/mL of Withanolide six times was 
used to measure repeatability. Table 13 shows how things 
turned out. The spot that was split was scanned six times 
without moving the plate. It was found that the RSD was 
less than 2%. 
Table 13. Repeatability study for Withanolide by 
UHPLC Method 


Sr. No. Conc. (10 pg/mL) Amount Found 


1 10 9.99 

2 10 9.97 

3 10 9.96 

4 10 9.99 

5 10 9.97 

6 10 9.98 
Mean 9.97666667 
S.D. 0.0121 
%RS.D. 0.0110 


Sensitivity by HPTLC Method 

The sensitivity of the suggested method for measuring 
Withanolide was assessed using the limit of detection 
(LOD) and limit of quantification (LOQ). The formulas 
used to determine the LOD and LOQ were LOD = 3.3 x 
N/B and LOQ = 10 x N/B, respectively, where 'N' stands 
for the standard deviation of peak areas of drugs (n = 3), 
which is an indicator of noise, and 'B' stands for the slope 
Y = 1.3011X + 92.24 
was discovered to be linearity equation. The LOD and 
LOQ for Withanolide were found to be 9.48 ng and 28.73 
ng, respectively. 
Table 14. Results of sensitivity studies of Withanolide 

Area of 


of the related calibration curve. 


Application volume 


Sr. no. fae/spotl Withanolide % RSD 
Mean + SD 

1 500 698 +3 2.4499 

2 1000 1387.66 42.51 | 2.0548 

3 1500 2025.33 44.50 | 3.6817 

4 2000 2646.33 47.09 | 5.7927 

a) 2500 3395 +3 2.4499 
LOD = (3.3* Avg SD) / Slope 9.48 
LOQ = (10* Avg SD) / Slope 28.73 


Sensitivity by UHPLC Method 

Quantitation limit is the 
concentration of a substance in sample matrix that can be 
detected using a quantitative test. Finding contaminants 


minimum detectable 


and/or degradation products is where it really shines. The 
formulas LOD = 3.3 (SD)/S and LOQ = 10 (SD)/S, 
where SD stands for the standard deviation of the 
response and S for the slope of the calibration curve, 
were used to compute the limits of detection (LOD) and 
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quantification (LOQ). Withanolide's LOD and LOQ were 
established to be 0.411 ug and 1.245 pg, respectively. 
Ruggedness by HPTLC Method 

Two different analysts looked at how hardy the 
planned method was using the exact same experimental 
and environmental conditions. On HPTLC plates, 1500 
ng/band of Withanolide was put on each band. Bands 
were made and scanned in the same way that was 
explained above. This process was done three times, and 
the percent RSD was less than 2%. Table 15 shows how 
things turned out. 


Table 15. Results of ruggedness of Withanolide by 
HPTLC Method 


nalvct Amount found of % RSD 
y Withanolide (%) [n=3] 
I 099.98 0.0489 
Il 099.67 0.2309 


Ruggedness by UHPLC Method 
From stock solutions, a solution of 
Withanolide at a concentration of 10 ug/mL was prepared 


and analyzed using identical procedures and equipment 


sample 


by two different analysts. The peak area of the solution 
was measured six times at the same concentration. It was 
found that the RSD was less than 2%. Table 16 shows 
how things turned out. 


Table 16. Ruggedness study Withanolide by UHPLC 
Method 


% Amount 


Found [n = 6] % RSD 


Analyst II 


i =| 
D a7, 
ie > 
CS — 
< Ss 

< 
< < 


9.96 +] 9.94 + 
0.0147) 0.0499 


Withanolide 


Robustness by HPTLC Method 

The robustness of the method was evaluated by 
systematically altering several variables, including 
composition at the mobile phase and the stock solution's 
stability. The impact of each variable was investigated by 
varying one factor at a time by maintaining a constant 
amount of Withanolideat 1000.0 ng/band. Outcome is 


revealed in table 17. 
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Table 17.Robustness Withanolide by HPTLC Method. 
Withanolide 


SD of peak 
area 


Parameters 


% RSD 


Mobile phase composition 
a Dichloromethane: Methanol: 
Toluene: Acetone (5:1:1:1) aca ae 
b Dichloromethane: Methanol: 
Toluene: Acetone (5:1:1.5:0.5) Ise ees 
Mobile phase volume (mL) 
6 13.16 0.12 
10 09.35 0.08 
Development distance (mm) 
70 16.75 0.34 
75 06.05 0.11 
80 11.89 0.24 
Relative humidity (%) 
55 14.72 0.154 
65 12.85 0.11 
Duration of saturation (min) 
20 20.21 0.15 
25 16.75 0.11 
30 10.29 0.09 
Activation of prewashed TLC Plates (min) 
08 10.56 0.16 
10 4.29 0.04 
12 6.49 0.06 
Lag time between detection 5.22 0.04 
and chromatography 
Time from CDE OU OEE Anny, 13.18 0.11 
to scanning 
Robustness by UHPLC Method 
The method's robustness was investigated by 


systematically altering a few of operating conditions. 
Withanolide injections at 10 pg/mL were used to examine 
the effects of varying just one variable at a time, with the 
results summarized in table 18. 


Table 18. Results of Robustness Studies Withanolide 
by UHPLC Method. 


Parameters Withanolide R, 
Acid Concentration change for pH adjustment 
00.15% 6.5 
00.2% 5.9 
00.3% 5.1 
Flow Rate change (ml/min) 
00.8 10.4 
01.2 7.8 
01.5 5.9 
Mobile phase composition change 
(60 : 40 wv) 12.6 
(65 : 35 wv) 10.9 
(70 : 30 vv) 5.9 
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Conclusion 
Simple, accurate, reproducible, robust and _ cost 
effective HPTLC and& UHPLC_ chromatographic 


methods requiring simple reagents were developed and 
reproducibility and selectivity in quantifiable assessment 
of Withanolide in formulation were demonstrated 
statistically. It was determined that the created procedures 
provided various benefits, including rapidity, cost- 
effectiveness, a simple mobile phase, and good 
concordance with the drug's label claim. Withanolide was 
successfully determined despite the presence of additives 
in the pharmaceutical formulation of the sample used in 
the experiment. Withanolide in its dose form can be 
routinely analyzed using HPTLC and UHPLC 
techniques, as they are not affected by the presence of 
excipients. 


Acknowledgements 

Authors thankfully acknowledge by Konark Herbals 
and Health Care, Daman for authentication of plant 
material, also thankful to the Management of Gangamai 
College of Pharmacy, Nagaon, Dhule (M.S.) for given 
that amenities for the work. 


Conflict of Interest 


None 
References 
Abdelwahed, M. T., Hegazy, M. A., & Mohamed, E. H. 
(2023). Major biochemical constituents of 


Withania somnifera (ashwagandha) extract: A 
review of chemical analysis. Reviews in Analytical 
Chemistry, 42(1), 20220055. 
https://doi.org/10.1515/revac-2022-0055 

Afewerky, H. K., Ayodeji, A. E., Tiamiyu, B. B., Orege, 
J. I., Okeke, E. S., Oyejobi, A. O., & Adeyemi, S. 
B. (2021). Critical review of the Withania 
somnifera (L.) Dunal: 
pharmacological efficacy, and commercialization 
significance in Africa. Bulletin of the National 
Research Centre, 45, 1-16. 
https://doi.org/10.1186/s42269-021-00635-6 

Ahmad, M., Saleem, S., Ahmad, A. S., Ansari, M. A., 
Yousuf, S., Hoda, M. N., & Islam, F. (2005). 
Neuroprotective effects of Withania somnifera on 


ethnobotany, 


6-hydroxydopamine induced Parkinsonism in rats. 

Human & Experimental Toxicology, 24(3), 137- 

147. https://doi.org/10.1191/0960327105ht5090a 
Alanazi, H. H., &  Elfaki, E.  (2023).The 


immunomodulatory role of Withania somnifera 
(L.) dunal in inflammatory diseases. Frontiers in 
Pharmacology, 14, 430. 

DOE: https://doi.org/10.52756/ijerr.2023.v30.035 


https://doi.org/10.3389/fphar.2023.1084757 
Anwar, F., Muhammad, G., Hussain, M. A., Zengin, G., 
Alkharfy, K. M., Ashraf, M., & Gilani, A. H. 
(2016).Capparisspinosa L.: A plant with high 
potential for development of functional foods and 
nutraceuticals/pharmaceuticals. International 
Journal of Pharmacology, 12(3), 201-219. 
https://doi.org/10.3923/ijp.2016.201.219 
Ashraf, M. U., Muhammad, G., Hussain, M. A., & 
Bukhari, S. N. (2016).Cydoniaoblonga M., a 
medicinal plant rich in_ phytonutrients for 
pharmaceuticals.Frontiers in Pharmacology, 7, 
163. https://doi.org/10.3389/fphar.2016.00163 
Bala, S., Govindarajan, R., Rawat, A. S., & Mehrotra, S. 
(2004). HPLC analysis of withaferinA in Withania 
somnifera  (L.) | Dunal.Indian 
Pharmaceutical Sciences, 66(2), 236. 
Bhattacharya, A., Ramanathan, M., Ghosal, S., & 
Bhattacharya, S. K. (2000). Effect of Withania 
somnifera glycol Withanolides on iron-induced 
hepatotoxicity in rats. Phytotherapy Research: An 
International Journal Devoted to Pharmacological 


Journal — of 


and Toxicological Evaluation of Natural Product 
Derivatives, 14(7), 568-570. 
https://doi.org/10.1002/1099- 
1573(200011)14:7%3C568::AID- 
PTR663%3E3.0.CO;2-Q 

Ganzera, M., Choudhary, M. I, & Khan, I A. 
(2003).Quantitative HPLC analysis of 
Withanolides in Withania somnifera. Fitoterapia, 
74(1-2), 68-76. 
https://doi.org/10.1016/S0367-326X(02)00325-8 

Hepper, F. N. (1991). Old World Withania (Solanaceae): 
A taxonomic review and key to the species. 
Solanaceae III: taxonomy, chemistry, evolution, 
pp. 211-227. 

Hussain, M. S., Algahtani, S. S., Ahmad, S., & Iqbal, M. 
R. (2023). A Comprehensive Scientific Claims on 
Ethnobotany, Phytochemical Pharmacological and 
Toxicology of Withania (L.) 
Dunal.Journal of Drug Delivery and Therapeutics, 
13(3), 194-207. 
https://doi.org/10.22270/jddt.v 13i3.6003 

Indhira, D., Aruna, A., Manikandan, K., Albeshr, M. F., 
Alrefaei, A. F., Vinayagam, R., & Srinivasan, R. 
(2023).Antimicrobial and Photocatalytic Activities 
of Selenium Nanoparticles Synthesized from 
Elaeagnusindica Leaf Extract. Processes, 11(A4), 
1107. https://doi.org/10.3390/pr1 1041107 

International Conference 
(1995).Text on 


somnifera 


on Harmonization. Q2A 
validation of analytical 


Int. J. Exp. Res. Rev., Vol. 30: 375-387 (2023) 


procedures.Federal Register, 60(40),11260-2. 

Jana, S. N., &Charan, S. M. (2018). Health benefits and 
medicinal potency of Withania somnifera: a 
review. Int. J. Pharm. Sci. Rev. Res., 48(1), 22-29. 

Kalra, R., &Kaushik, N. (2017).Withania somnifera 
(Linn.)Dunal: a review of chemical 
pharmacological diversity. 
Reviews, 16, 953-987. 
https://doi.org/10.1007/s11101-017-9504-6 

Koshy, R., Anand, M. S., Murali, B., &Brunelle, S. L. 
(2016). Determination of Withanolides in 
Withania somnifera by Liquid Chromatography: 
Single-Laboratory Validation, First Action 
2015.17. Journal of AOAC International, 99(6), 
1444-1458. https://doi.org/10.5740/jaoacint.16- 
0202 

Nazar, S., Hussain, M. A., Khan, A., Muhammad, G., 
&Tahir, M. N. (2020).Capparis decidua Edgew 
(Forssk.): A comprehensive review of its 
traditional uses, phytochemistry, pharmacology 
and nutrapharmaceutical potential. Arabian 
Journal of Chemistry, 13(1), 1901-1916. 
https://doi.org/10.1016/j.arabjc.2018.02.007 

Orabi, M. A., Alshahrani, M. M., Sayed, A. M., 
Abouelela, M. E., Shaaban, K. A., & Abdel-Sattar, 
E. S. (2023). Identification of Potential 
Leishmania Inhibitors 
from Withania somnifera (L.)Dunal: A Molecular 
Docking and Molecular Dynamics Investigation. 
Metabolites, 13(1), 93. 
https://doi.org/10.3390/metabo 13010093 

Polumackanycz, M., Petropoulos, S. A., Sledzinski, T., 
Goyke, E., Konopacka, A., Plenis, A., & Viapiana, 
A. (2023).Withania Phenolic 
Compounds Composition and Biological Activity 


and 
Phytochemistry 


N-Myristoyltransferase 


somnifera  L.: 


of Commercial Samples and Its Aqueous and 
Hydromethanolic Extracts. Antioxidants, 12(3), 
550. https://doi.org/10.3390/antiox 12030550 

Rao, S. G. R., &Radhika, R. M. (2023).Prospects for 
Sustainable Cultivation of Medicinal and Aromatic 
Plants in India. Sustainable Uses and Prospects of 


How to cite this Article: 
Sufiyan Ahmad, Mahendra Ganbase, Nitin Deshmukh, Khushabu Patil, Lokesh Barde, Mahesh Deshpande, Asmita Gaikwad and Pravin 
Tajane (2023). Development of validated HPTLC and UHPLC methods for quantification of Withanolide in extract and 
formulation./nternational Journal of Experimental Research and Review, 30, 375-387. 


DOI ‘https://doi.org/10.52756/ijerr.2023.v30.035 


€c) OQe) This work is licensed under a Creative Commons Attribu- 
ence tion-NonCommercial-NoDerivatives 4.0 International License. 


DOI: https://doi.org/10.52756/ijerr.2023.v30.035 


Medicinal Plants, 227. 
https://doi.org/10.1201/978 1003206620-12 

Saleem, S., Muhammad, G., Hussain, M. A., Altaf, M., 
&Bukhari, S. N. A. (2020).Withania somnifera L.: 
Insights into the phytochemical profile, therapeutic 
potential, clinical trials, and future prospective. 
Iranian Journal of Basic Medical Sciences, 
23(12), 1501. 

Sairam, K., Bhattacharya, S. K., Bhattacharya, A., 
&Ghosal, S. (2000). Anxiolytic-antidepressant 
activity of Withania somniferaglycoWithanolides: 
an experimental study. Phytomedicine, 7(6), 463- 
469. 

https://doi.org/10.1016/S0944-7113(00)80030-6 

Singh, S., &Sushil, K. (1998).Withania somnifera: The 
Indian Ginseng Ashwagandha. Central Institute of 
Medicinal and Aromatic Plants, Lucknow, India. 
http://dx.doi.org/10.1021/np020238w 

Sivasankarapillai, V. S., Madhu Kumar Nair, R., Rahdar, 
A., Bungau, S., Zaha, D. C., Aleya, L., & Tit, D. 
M. (2020).Overview of the anticancer activity of 
withaferin A, an active constituent of the Indian 
ginseng Withania — somnifera.Environmental 
Science and Pollution Research, 27, 26025-26035. 
https://doi.org/10.1007/s11356-020-09028-0 

Tomoharu, K., Chihiro, — T., &Katsuko, = K. 
(2005).Neuritic and 
reconstruction induced by Withanolide A. British 
Journal of Pharmacology, 144(7), 961-971. 
https://doi.org/10.1038/sj.bjp.0706122 

Verma, S. K., & Kumar, A. (2011).Therapeutic uses of 
Withania somnifera (Ashwagandha) with a note on 


regeneration synaptic 


Withanolides and its pharmacological actions. 
Asian. J. Pharm. Clin. Res., 4(1), 1-4. 

Visavadiya, N. P., & Narasimhacharya, A. V. R. L. 
(2007).Hypocholesteremic and antioxidant effects of 
Withania somnifera (Dunal) in hypercholesteremic 
rats. Phytomedicine, 14(2-3), 136-142. 
https://doi.org/10.1016/).phymed.2006.03.005 


